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Monday, February 17, 2014 401aBioptechs FCS3 perfusion chamber and kept at 37C during measurement.
Videos of cell optical thickness topography were generated and processed to
obtain relative optical volume. These results show dramatically increased rate
and strength of contractions with application of IPHC.
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dSTORM based super-resolution localization microscopy typically uses a thiol
reductant such as mercapto-ethyl amine (MEA) in conjunction with an enzy-
matic oxygen scavenging system such as glucose oxidase & catalase in an
aqueous buffer. The use of an aqueous buffer, however, is non-optimal when
trying to perform tissue imaging with high NA objectives due to the consider-
able refractive index mismatch. In previous works we have used a modified
buffer solution with a glycerol concentration of 80-90%, which gives satisfac-
tory blinking behavior and allows better index matching. Unsurprisingly,
enzymatic scavengers do not function in this high glycerol mountant, although
media oxygen concentration is nonetheless substantially reduced. This reduc-
tion in oxygen concentration occurs through a reaction of the thiol with dis-
solved oxygen and comes at the cost of a reduced and highly variable end
thiol concentration and a substantial change in solution pH.
To have the thiol acting as both the blinking agent, and the principal oxygen
scavenger is obviously a somewhat undesirable situation. This led us to exper-
iment with sodium sulphite, a chemical which is commonly used as a preserva-
tive, as an oxygen scavenger in industrial processes, and in making ‘zero
oxygen’ calibration solutions for dissolved oxygen sensors. When added to
an MEA and glycerol containing switching buffer, sodium sulphite improves
entry to the dark state, resulting in lower background levels and improved sin-
gle molecule contrast. In contrast to the use of either the glucose oxidase or
thiol mediated oxygen scavenging systems, the reaction of sodium sulphite
with dissolved oxygen does not significantly change solution pH.
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Aptamers are small RNA oligos that can tightly bind to specific molecular tar-
gets they were selected against. RNA aptamers can have high binding affinities,
be of a relatively small size, and are easy and inexpensive to produce in the lab-
oratory, making them an interesting and potentially very powerful substitute for
conventional antibody labeling. Furthermore, they can be designed and assem-
bled in a modular way making it possible to, for example, increase brightness
by adding multiple fluorophores, or create libraries for flexible multi-color im-
aging or be used for bar-coding applications. As there are currently a multitude
of available cell lines with GFP tagged proteins of interest, we have initially
focused on a GFP-binding aptamer (AP3) that tightly binds GFP (~4nM Kd)
and used it as a strategy to target any GFP-labeled protein for super-
resolution imaging. To carry out STORM imaging in GFP expressing cells,
we covalently labeled our GFP aptamer with Alexa-647. The dye labeled ap-
tamer enables us to do super-resolution imaging on any cell line that has
GFP-tagged proteins of interest. We validated this new method by STORM im-
aging on cells expressing GFP tagged membrane proteins.
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Protein protected fluorescent metal nanoclusters are attracting great deal of
attention from fluorescence community. This work explores photo-physics,
fluorescence polarization properties; resonance energy transfer (RET) probes,
and cellular imaging applications of novel fluorescent probe bovine serum
albumin protected gold (BSA Au) nanoclusters. Important findings were
long fluorescence lifetime (> 1ms) and polarized fluorescence emission stud-ied in solvents of different viscosity. The BSA Au cluster, due to long life-
time and high polarization, can potentially be used in developing
fluorescence polarization immunoassays. Moreover, we describe an approach
by developing RET of BSA Au clusters with the near infra-red (NIR) dye
Dylight 750 (Dy750), where BSA Au cluster act as a donor to Dy750,
showing 46% energy transfer efficiency to the NIR dye Dy750 with long
lifetime component in acceptor decay through RET. Such RET probe with
narrow emission spectrum and long lifetime component can be explored in
microscopy imaging applications. Furthermore, we describe the use of these
long lived BSA Au clusters in cellular and tissue imaging applications. We
have shown using multiple pulse excitation (MPE) scheme that one can in-
crease the intensity of long lived BSA Au cluster in cells without increasing
the short lived auto-fluorescence background thereby increasing signal to
background ratio at least by 15 times. Moreover, by applying time gated
detection strategy to MPE imaging experiment we increased the signal to
noise ratio to 30, a dramatic improvement in contrast for low fluorescence
quantum yield dye. In summary, BSA Au clusters can be used as a fluores-
cent cellular stain advancing the bioimaging technology via their long fluo-
rescence lifetime.
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Phenomena in biological systems are inherently multi-scale in both time and
space, from the behavior of a single enzyme to long range interactions between
cells. The traditional approach to investigate these systems is imaging, which is
an attempt to evaluate each voxel in a sample at a set time interval indiscrimin-
ately for all voxels. Here we demonstrate a 3D multi-resolution microscope,
which rather than sampling uniformly and unselectively, is capable of collecting
high-precision information local to a nano-
scale probe (~10 nm, ~10 msec) and comple-
ment it with lower-resolution information for
the slowly varying larger-scale cellular envi-
ronment (10s of microns). High precision
data is collected from freely diffusing nano-
scale probes by using a target-locking micro-
scope which ‘‘locks’’ the probe of interest in
the focus of the objective lens, while the
cellular contour is concurrently evaluated
by two-photon laser scanning microscopy
(2P-LSM). We apply this multi-scale method
to the unexplored early stages of cellular
uptake. We observe unexpected long range
dynamics associated with the approach and
landing of 100 nm HIV1-Tat coated nano-
particles on the cell surface, as well as the
correlation of dynamics ‘‘hot-spots’’ with
sub-diffraction membrane structures.2025-Pos Board B755
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Radiotracers play an important role in interrogating molecular processes both
in vitro and in vivo. However, current methods, such as PET, autoradiography,
and scintillation counting are limited to measuring average radiotracer uptake
in large cell populations and, as a result, lack the ability to quantify cell-to-cell
variations. To overcome this limitation, we apply a new technique, termed ra-
dioluminescence microscopy, to visualize radiotracer uptake in single living
cells, in a standard fluorescence microscopy environment [Pratx et al. PLoS
One 2013].
Live cells are cultured sparsely on a thin scintillator plate and incubated with a
radiotracer. Radioluminescence microscopy utilizes the scintillator plate,
which is in contact with the cells of interest, to convert ionizing radiation
from emitted beta particles into visible-range photons detectable in a sensitive
microscope. The optical scintillation signal can be measured with an EM-CCD
with a high resolution and enables the detection minute concentrations of radio-
tracers. The transparency of the plate in the visible range allows for conven-
tional fluorescence and brightfield microscopy, which provides a rich
environment to characterize the biological status of a population of living cells.
Radioluminescence microscopy revealed strong heterogeneity in the uptake of
402a Monday, February 17, 2014[18F]fluoro-deoxyglucose (FDG) in single cells, which was found consistent
with fluorescence imaging of a glucose analog. We also verified that dynamic
uptake of FDG in single cells followed the standard two-tissue compartmental
model. A difference in FDG uptake rates using single-cell analysis versus bulk
cell analysis revealed that radioluminescence microscopy is an important tool
to investigate single-cell biology. Biological studies at the single-cell level aim
at elucidating the effect of the cell cycle on the FDG uptake in breast cancer cell
populations. These experiments can also find metabolic differences to deter-
mine subpopulations in clonal cell populations.
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Quantitative super-resolution imaging is important for understanding and deter-
mining the exact stoichiometry of molecular complexes or oligomerization
states of proteins within a cell. This has been done previously using fluores-
cence proteins, however these proteins require extensive computational correc-
tion due to their blinking. Organic dyes are commonly used for super-resolution
imaging because of their high photon numbers, unfortunately blinking correc-
tions for these dyes are very difficult. Here, we develop a technique for quan-
titative super resolution microscopy that allows us to count the absolute number
of molecules using organic ‘‘caged’’ dyes, which do not blink. We calibrate our
system and find that caged-fluorescein and caged-carborhodamine, when con-
jugated with SNAP-tag labeling, allow for quantitative counting of targets. We
apply this technique to the characterization of the oligomerization states of che-
mokine receptors in mammalian cells.
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Organic fluorescent probes are used for a myriad of applications including im-
aging and the study of dynamics and kinetics of biological macromolecules.
However, they are susceptible to blinking and bleaching, which complicate
data analysis and limit observation time of single molecule experiments. It is
thought that transitions into triplet states, and formation of other dark states
from the triplet, result in blinking, and are the first step in photobleaching re-
actions. Recently, however, dark states have proved useful with the emergence
of super resolution imaging techniques, which highlight the importance of un-
derstanding the nature of blinking and bleaching. Previously, we reported on
our observation that TAMRA dye conjugated to DNA experiences an increased
intersystem crossing rate when in the presence of Mn2þ. In recent work, we
investigated the effect of Mn2þ on commonly used cyanine dyes Cy3, Cy3B,
and Cy5. As for TAMRA dye, transient absorption and fluorescence correlation
spectroscopy experiments confirm the formation of the triplet state of these cy-
anines in Mn2þ buffers. The significant structural differences between the
rhodamine TAMRA and the investigated cyanines suggest that triplet forma-
tion in the presence of Mn2þ is a universal phenomenon. Given the wide-
ranging use of Mn2þ in biophysical studies_it is often substituted for Mg2þ
in mechanistic studies of polymerases and restriction enzymes_and the preva-
lence of fluorescence-based single molecule techniques, these results under-
score the importance of understanding the photophysical origin of dark
states. Additionally, it may be useful to use Mn2þ to control the triplet state life-
time in super-resolution imaging applications.
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Due to its ability to selectively excite fluorophores near a substrate, Total Inter-
nal Reflection Fluorescence (TIRF) microscopy has gained a prominent role in
biological imaging and is particularly well-suited for cell membrane studies
and in vitro single molecule assays. Similarly, a highly inclined laminated
optical sheet (HILO) has been used for high S/N imaging away from the
glass-water interface. Although rapid azimuthal scanning of the laser beam
has been shown to confer certain advantages, namely fringe reduction and bet-
ter uniformity of illumination, the effects of optical design on field-of-view and
TIRF quality has not been systematically studied. Using commercial ray tracing
software, we demonstrate how various choices in the optical system design
affect each of these parameters. Using these simulations as a guide, we have
built a simple circular scanning microscope for TIRF and HILO imaging usinga standard inverted microscope, an XY galvanometer scanner and inexpensive
lab-built driver electronics and software. Microscope design was optimized to
provide a large field of view without compromising TIRF quality and the per-
formance is demonstrated under demanding conditions (high background fluo-
rescence). Finally, we demonstrate that circle-scanned TIRF is successful for a
wide range of applications, including live-cell studies, single molecule assays
and super-resolution microscopy.
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The organization, complexing, and aggregation of biomolecules in solution and
in lipid membranes lie at the foundation of many critical processes in meta-
bolism, signaling, and disease. Yet, our understanding of these phenomena
remains limited by our ability to probe small aqueous volumes under physio-
logical conditions. Here we present progress toward a high-brightness, rapidly
scannable, nanoscale light source aimed at interrogating biomolecular dy-
namics in highly concentrated aqueous environments below the diffraction
limit. This light source consists of a thin film of cathodoluminescent (CL) ma-
terial excited by a low energy, tightly focused electron beam from a scanning
electron microscope (SEM). By integrating the CL film into a liquid sample
cell, a biological sample can be isolated from the SEM’s vacuum environment.
Our CL optical source consists of a highly crystalline film of cerium-doped
yttrium aluminum perovskite (YAlO3:Ce3þ), an efficient CL material. With
our custom CL detection apparatus, we have shown that the CL excitation vol-
ume in the film is at least as small as 20 nm in diameter. Because the CL film is
only 10 nm thick, optical excitations from the Ce3þ dopants in the CL film can
be non-radiatively transferred to adjacent fluorescently labeled molecules in an
encapsulated sample volume via Fo¨rster resonance energy transfer (FRET). We
characterize this non-invasive interaction by coupling the donor CL film to
various acceptor materials. When imaging biological systems, we anticipate
achieving a spectrally-specific scanning optical microscopy with at least
20 nm lateral resolution and 10 nm axial resolution, with video frame rates,
and no moving parts.
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Advances in hyper- or multi-spectral based imaging cameras have expanded
new areas of cellular research for the last 20 years. Most recently, intensity sig-
nals can now be detected with a line spectrograph in which light is transmited
over an imaging signal to an ultra sensitive CCD camera with fast readout speed.
However, spectrally resolving these images is highly problematic given that
most fluorescent emission spectra are broad and superimposed one with another.
In order to spectrally resolve these imageswith high spectral resolution, we have
developed the phasor analysis, used in the first and second harmonic, where each
pixel in the image is used to construct a spectral profile that is Fourier trans-
formed to produce the co-ordinates of the pixel in a polar plot. This graphical
representation is free of fitting routines and can easily separate linear combina-
tions of multiple spectral components. For this application we used the Andor’s
iXon Ultra EMCCD camera to obtain spectral emission of cancer cell autofluor-
escence excited with a multiphoton laser source. Using the multispectral phasor
analysis we have been able to identify autofluorescence of cell membrane, mito-
chondria, nucleus and other organelles. Given the complexity of these biochem-
ical species, we treated the cells with various agents used to perturb metabolic
states, membrane fluidity and cellular function to identify changes in spectro-
scopic signals. A map of these chemical species can provide important informa-
tion to identify proliferation, stress and dysplasia at the single cell level and can
be applied to in the study of cancer and other diseases.Work supported in part by
NIH grants P50 GM076516 and P41 GM103540.
